INTRODUCTION
The genus Salix (Salicaceae) is considered to be one of the most difficult taxa for taxonomic treatment and systematic rearrangement. Several factors contribute to these taxonomic difficulties: (1) a wide range of phenotypic variation exists amongst individual plants and/or populations within a species; (2) the high frequency of natural hybridization (Skvortsov, 1968) stimulates morphological obscurity amongst different species; and (3) the dioecious flowers and different flowering times of male and female flowers within the same Salix species challenge the classical taxonomic identification and description based on herbarium materials. Indeed, completely different taxonomic treatments are found in the systematic review of the genus Salix. Kimura (1928) divided Salix into two subgenera (Protitea and Euitea), Rechinger (1964) into three (Salix, Chamaetia, and Caprisalix), Skvortsov (1968) into three (Salix, Chamaetia, and Vetrix), Dorn (1976) into two (Salix and Vetrix), and Argus (1997) into four (Salix, Longifoliae, Chamaetia, and Vetrix) . Obviously, more intensive research and evidence are needed to understand the phylogeny and systematics of Salix.
The sections Lindleyanae and Retusae are two distinct taxa of Salix. They occupy two different and disjunctive distribution areas. The former is distributed in the Himalayas and south-west China's Hengduan Mountains, whereas the latter occurs in the Arctic-Alpine region. Despite their geographical separation, like many Salix species with obscure interspecific delineation, these two sections share many similar morphological characters, for example, creeping habit, tiny leaves less than 2 cm in length, and a short and terminal catkin or capitulum. Therefore, Skvortsov (1968) treated them as two distinct sections within the same subgenus Chamaetia Skvortsov. The close correlations of these two sections were further confirmed by other taxonomists (Wilson, 1917; Skvortsov, 1968; Fang & Zhao, 1981; Wang, Fang & Zhao, 1984; Fang, Zhao & Skvortsov, 1999) . The distinguishing characteristics of Lindleyanae and Retusae have been limited to a few small external features: the former has adaxial glands in its female flower and smaller, narrower leaves than the latter, which possesses both adaxial and abaxial glands. Very clearly, such small phenotypic differences are not sufficient to establish a sound systematic arrangement of these two sections, or even to identify the species. Are there more valuable and useful morphological differences between these two sections in addition to the available phenotypic characters?
The leaf epidermis is generally a useful character for the classification and identification of species and genera, and/or for the discussion of relevant phylogenetic problems (Stace, 1984; Jones, 1986; Baranova, 1992) . In terms of the genus Salix, for example, Mashima (1970) studied the leaf stomata of 48 Salix species, and described 19 stomatal types in this genus based on the number of subsidiary cells. Similarly, Binns & Blunden (1980) studied the leaf anatomy of British Salix species and hybrids. Previously, detailed studies of leaf anatomy have also been made on two creeping species of Retusae, Salix herbacea L. and S. glauca L. complex (Jeník & Kubikková, 1963; Argus, 1965) , and Pataky (1967) compared the leaf epidermal characters of S. alba L., S. fragilis L., and S. arbuscula L. Given this work, it seems clear that the leaf epidermis could be used to distinguish between the sections Lindleyanae and Retusae. Therefore, the leaf epidermal characters were examined in section Lindleyanae of Salix from the Himalayas and south-west China's Hengduan Mountains.
The three main aims of this paper were to fill the data gap on the leaf epidermal characters of Salix species distributed in the Himalayan and Hengduan mountain ranges, to explore the relationship between Lindleyanae and Retusae, and to investigate the possibility of using leaf epidermal characters for species identification, or even phylogenetic reconstruction, of Salix or Salicaceae.
MATERIAL AND METHODS
The epidermal characters of the mature leaves of 33 members of the family Salicaceae from the mountains of China and the Arctic-Alpine region were examined (Table 1) . These specimens comprised 29 Salix species, two Populus species, and Chosenia arbutifolia (Pall.) A. Skv. of the controversial genus Chosenia Nakai (Nakai, 1920) , representing three subgenera and 16 sections of Salix according to Skvortsov's system (Skvortsov, 1968) . Our study included ten species of the section Lindleyanae and five of Retusae (representing 50% and 56% of all existing species in these two sections), as well as two species of creeping Salix plants, one from section Myrtosalix A. Kern. and the other from Diplodictyae Schneid.
The epidermal samples for light microscopic study were taken from the mid-lamina region, which is considered to be the least variable (Wilkinson, 1979) . Small portions of leaf material were boiled in water before being macerated in 20% NaOCl solution. Leaf epidermis samples were stained in a solution of 1% safranin-alcohol (50%), and then dehydrated in an ethanol series before being mounted in gum. To check the constancy of the epidermal structure, two or more leaves were collected for each species, and at least five slides were prepared from different parts of a single leaf for each species. (1970) classified the stomatal apparatus of Salicaceae into 19 types according to the numbers of subsidiary cells, and Binns & Blunden (1980) divided the stomata into two types (anomocytic and paracytic) based on the shapes and arrangement of subsidiary cells. In this study, the stomata were classified according to Binns & Blunden's (1980) criteria, but a new type, cyclocytic stomata, was added, which they did not describe. A laterocytic stomatal type was also introduced, which Binns & Blunden did not distinguish from other stomatal types (Van Cotthem, 1970; Wilkinson, 1979; Yang & Lin, 2005) . Moreover, with reference to the study of Schisandra (Yang & Lin, 2005) , the laterocytic stomatal type was further divided into three distinct subtypes based on the number of subsidiary cells.
RESULTS

Mashima
The characteristics of the leaf epidermis in Salix under light microscopy are summarized in Table 2 .
EPIDERMAL CELLS
The epidermal cells in Salix were mostly polygonal and seldom irregular. The details are described below.
Shapes of the epidermal cells
The shapes of the epidermal cells on the adaxial (Ad) and abaxial (Ab) sides were mostly polygonal, except for seven species with irregular epidermal cells on their Ad and/or Ab sides: Populus davidiana Dode (Ad and Ab; Figs 3, 4), Chosenia arbutifolia (Ab; Fig. 6 ), S. tetrasperma Roxb. (Ab; Fig. 8 
Strongly sinuous type:
The strongly sinuous type occurred only in S. tetrasperma (Ab; Fig. 8 ).
Stomatal apparatus
Combinations of four stomatal apparatus types were observed.
Paracytic: One or two cells adjacent to the guard cells, with their long axis parallel to the long axis of the guard cells. This type occurred in 97.0% of all species examined. This was found in all species studied except one species of Retusae: S. herbacea.
Anomocytic: Cells adjacent to the guard cells not differentiated in any way from the normal epidermal cells. This type occurred in 45.5% of all species examined. This type was uniquely observed in all species of the sections Lindleyanae and Retusae.
Laterocytic: With more than two subsidiary cells on at least one lateral side of each guard cell pair. This type occurred in 87.9% of all species examined. Importantly, the laterocytic stomatal type was found and described in both the genus Salix and the family Salicaceae for the first time. Furthermore, the laterocytic stomatal type was divided into three subtypes: Fig. 45 . Salix retusa. In each species, the first figure (odd number) is the adaxial epidermal image, and the second (even number) is the abaxial epidermal image. Scale bar, 50 mm. type was reported in Salicaceae. It occurred in the genera Populus and Chosenia, but not in Salix.
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Stomatal size
The size of the stomata was (18.0-51.7) ¥ (13.2-35.1) mm. The species of Salix section Retusae (except for S. rotundifolia) had comparatively larger stomata than the species of the other sections of Salix and of Populus and Chosenia. The other discernible trend was that the stomata of the species of Lindleyanae were comparatively small.
Stomatal density
The stomatal density varied amongst the different species, ranging from 49.2 stomata per square millimetre in S. matasudana, with the stomata sparsely distributed, to 842.2 stomata per square millimetre in S. cheilophila, with the stomata densely distributed. The stomatal density of the species of section Retusae was high compared with the species of section Lindleyanae. Furthermore, stomata of the adaxial epidermis were generally smaller and sparser than those of the abaxial side.
DISCUSSION
STOMATA ON BOTH LEAF SURFACES
More than half the species examined had adaxial stomata; this contradicts Skvortsov's (1968) statement that the majority of Salix species did not have adaxial stomata, but accords with Binns & Blunden's (1980) findings in 19 species and 12 hybrids of Salix. A general trend was observed in the sections Lindleyanae and Retusae: adaxial stomata were absent from most species of the former section, but present in all species of the latter. However, the presence or absence of adaxial stomata was less valuable for distinguishing between Lindleyanae and Retusae, as three species in the section Lindleyanae had adaxial stomata. Skvortsov (1968) stated that the presence or absence of adaxial stomata in a specific Salix species was a very constant character, which was of great help in distinguishing between certain species with similar morphology. In this paper, for example, two species of Lindleyanae, S. lindleyana and S. souliei, shared similar characteristics (i.e. small, entire, and glabrous leaf; short ament; glabrous ovary without ovary stipe except some tiny differences in the filaments); it was found that the presence of adaxial stomata was an important diagnostic character, because they occurred in S. souliei but not in S. lindleyana.
SHAPE AND ANTICLINAL WALLS OF EPIDERMAL CELLS
The presence of polygonal or irregular epidermal cells and the occurrence of the three types of anticlinal walls of the epidermal cells were inconstant in Salicaceae. Therefore, the shapes and anticlinal walls of epidermal cells were not particularly useful for understanding the systematics of Salix or Salicaceae.
STOMATAL APPARATUS
The stomatal apparatus of Salix showed great diversity, and different types were found, even in the same species. However, some primary trends of stomatal apparatus changes are discussed to interpret their potential systematic and evolutionary implications.
In flowering plants, the paracytic stomatal type has been observed previously in both systematically primitive Magnoliales and advanced Rubiales and Asterales (Metcalfe & Chalk, 1979) . In Salicaceae, all three genera, Salix, Populus, and Chosenia, had representative species with paracytic stomata, except for one species of Salix: S. retusae.
The anomocytic stomatal type was observed uniquely in the sections Lindleyana and Retusae of the subgenus Chamaetia, but absent from S. mytillaceae, S. floccosa, S. berberifolia, and S. arctica, which are also creeping Salix of the same subgenus.
The laterocytic type of stomata was observed in all species examined, with the exception of four species of Lindleyanae. Binns & Blunden (1980) did not describe laterocytic stomata in their epidermal study. Instead, they included them in the anomocytic stomatal type. By contrast, we found some observable differences between the laterocytic and anomocytic types, which have also been demonstrated by other researchers (Van Cotthem, 1970; Wilkinson, 1979) . Therefore, the laterocytic type was further divided into three subtypes.
The cyclocytic type was only found in Populus and Chosenia. In the light of their differences in epidermal characters, this adds support to the separation of Chosenia from Salix.
With regard to the ontogeny of the stomata in Salix, there is at present no generally accepted consensus of opinion concerning the course of stomatal evolution. Some believe that the primitive stoma possessed several subsidiary cells, and this primitive type produced more specialized stomata with two subsidiary cells or none (Stebbins & Khush, 1961) . Others (for example, Cronquist, 1968 ) held a contrary view (Wilkinson, 1979) , but later Cronquist (1988) accepted the viewpoint presented by Baranova (1972) and restated his opinion as follows: 'on the basis of comparison of modern species, it appears that the paracytic stomatotype is primitive in the dicotyledons, and other types derived'. In our study, the distribution of stomatal types and previous intrageneric phylogenetic systems suggest that paracytic stomata are primitive in Salicaceae, whereas other stomatal types are derived from the paracytic type. This accords with Mashima (1970) , who considered that the paracytic form was the basal stomatal type in Salicaceae.
STOMATAL SIZE AND DENSITY
Stomatal size is an important indicator of plant habitat. Plants growing in shady conditions with a humid atmosphere and moist soil tend to have smaller stomata (Wilkinson, 1979) . Our findings for sections Retusae and Lindleyanae broadly support this generalization. Most species of section Retusae had comparatively large stomata, in deference to their arid tundra habitats in boreal Eurasia. The only exception was S. rotundifolia, a species with relatively small stomata; however, this species grows in moist alpine habitats in north-east China. Similarly, for section Lindleyanae, the smaller stomata of most species were indicative of their natural habitats, with a humid atmosphere and moist soil, in the tundra region of the Himalayas and the Hengduan Mountains. Our findings also showed that most species growing in drier habitats had a relatively low stomatal density. Some researchers consider that the stomatal density may sometimes be a useful additional character for species identification (Wilkinson, 1979) . However, our study could not discern any diagnostic value in this characteristic.
CONCLUSIONS
1. There has long been a debate as to whether the genus Chosenia should be taxonomically treated as an independent genus or as a taxon of the genus Salix, or somewhere amongst the three genera of the family Salicaceae. Certainly, Chosenia is closer to Salix in phenotypic traits. However, the presence of unique cyclocytic stomata in Chosenia and the absence of the L2 subtype of laterocytic stomata demonstrate its difference from Salix and similarity with Populus. To some extent, our study supported Nakai's (1920) view to treat Chosenia as an independent genus. 2. Within the genus Salix, most species investigated showed similar stomatal characters, namely the absence of cyclocytic stomata and the presence of paracytic and laterocytic stomata. This similarity limits the value of stomatal characters for speculating upon the phylogeny or proposing the intrageneric systematics of Salix based on the study of the leaf epidermis. 3. The similarity of phenotypic traits between sections Lindleyanae and Retusae was further confirmed by their similar leaf epidermal characters. The anomocytic type of stomatal apparatus was considered as an indicator for distinguishing these two sections from other taxa of the genus Salix.
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However, we can only speculate as to whether epidermal similarities are indicative of similar natural habitats or a single phylogenetic origin. 4. Within a species, the characters of leaf epidermal cells, the presence or absence of stomata on the adaxial or abaxial sides, and the shape of anticlinal walls are quite stable and constant. This consistency makes these characters potentially valuable for the diagnosis and identification of some species with obscure and minute phenotypic differences. 5. The stomatal size and density in Salix are important indicators of plant habitat: smaller, densely distributed stomata are associated with moister habitats.
